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Preface 


The  modern  plastic  balloon  continues  to  play  a  significant  roie  m  both  s.  ientifie 
and  military  aerospace  programs.  Balloon  grade  films  (down  to  0.  35  mils  thick¬ 
ness)  have  been  available  for  a  little  more  than  ten  vears  to  meet  the  needs  of  light 
payloads  to  verv  high  altitudes —a  lew  hundred  pounds  to  170.000  ft;  on  the  other 
hand,  the  requirements  tor  heavy  pavloads,  on  the  order  of  four  tons  or  more, 
loritinue  to  provide  operational  challenges.  With  the  constructive  criticisms  of 
Mrs.  Catherine  Kn  e  and  Mr.  Halph  I.  Covvie,  I  have  organized  pert: 
data  to  substantiate  one  proposed  solution  to  this  problem  (specifically  the  design  of 
a  single  cell,  t  apped,  polyethylene  balloon  to  earrv  (1000  11)  to  HO.  00b  It)  and  suffi  ■ 
ejent  references  to  facilitate  research  bv  others  interested  it.  developing  alternate 
solutions. 
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A  Balloon  Design  for  9000  Pounds  at  90,000  Feet 
Recommendations  Based  on  Heavy-Load  Balloon  History 


1.  OKJKCTIYK 

This  report  addresses  the  tenoral  prohleu  oi  providnm  a  heave  load,  high  alti¬ 
tude,  free  -balloon  capability  usina  available  tochn  docies.  I  he  sue,  hi.  obieetiv- 
is  a  set  of  specifications  for  a  fr< *« •  balloon  to  .  arr\  a  pavlo.1,1  >f  000  il)  to 
‘>0,  000  ft  in  the  Stan  I  ini  atmosphere  six  ,i  float  ions  liial  coni  i  lie  u-  ■  i  ■■■  ■  *"ii  a !  e !  v. 
if  needed,  as  a  basis  '*>r  acquisition. 

'1  he  troth* ra I  problem  is  no*  non;  ii  is  i  re.  in  rim;  problem  that  ,•  ns1  be  an. ires-, 
periodically  as  locnnoloaios  an,l  svnthe'i,  materials  emer_'e,  t  \olv,  ,  iratnre,  an  i 
are  replaced  duo  to  marketplace  cenrnt:  i.  s  . > n  I  m  ;  espouse  so  demands  for  m  ivhs 
■  apabilitv  an. I  increased  reliability.  Finally  the  nrohlem  should  he  a  Hressed  a  her  , 
as  is  now  the  ease,  we  .ievelop  ini  prove  i  iitsu>hts  and  millet --tan. line  a:  the  periorm 
anee  and  failure  nieelianisms  of  hallo, >n  structural  members,  ' 

2.  HISTORY  OF  THE  HEAVY  LO  W  I’KOItl.KM 

T  he  heavy  load  problem  tvas  addressed  in  the  deeade  of  the  fitttes  hv  the  develon 
moot  of  double -die -extruded  DM)  5500  polvotlivlone  film,  the  development  of  natural 


(Received  for  publication  7  March  11)82) 

1.  Dwyer,  J,  I'.  (1982)  Polyethylene  Free  Balloon  Design  I' rom  the  Perspectives 
of  User  and  Designer,*  A  DGI.- TH-fa2-OjS0,  AD  -\127.*n.T. 


shapes,  the  •ievelopment  of  the  moving  hand  s«*aler,  and  finailv  hv  the  <ievcj  lopiuent 

•> 

■it*  lieat  -soaltvi  load  tajies.  “ 

In  the  dtv  ado  <>!’  the  sixties,  the  rapped  pol  wthvlene  balloon  was  introdured  bv 
Uinzen  Hrsi*aivh,  Inr.  (now  \Vmz»'n  International,  Inr.  )  and  both  woven  and  non- 

a 

iiovi-n  dacron  ri'ininri mit'iils  were  laminated  to  Mvlur'”'  film  to  provide  a  rip-stop 
feature  ih.tt  would  enable  the  balloon  manufai  tuners  to  make  use  of  the  Mylar's 
higher  tensile  strength  (compared  to  pul  vethvlene );  this  development  of  so  celled 
serin; -balloon  tilms  is  discussed  in  Appendices  A  and  11. 

Concurrent  with  tin-  growth  in  pavload  weight  requirements  was  the  demand  for 
higher  altitude  Might  and  tints  ligher -weight  (thinner)  polvei  hvlene  filtrs  (Figure  1). 


Figure  1.  Altitude  Capability 
and  Film  Thickness  Trends 


2.  Divvcr,  .1.  I’.  (10711)  Zero  pressur.  t-nHoon  shapes,  past,  present,  and  future. 
Scientific  Ballooning  (COSPA  ID.  W.  Kiedler,  tlditor.  Pergammon  Press, 
pp.  57  ITT! 

if 

Appen. lines  A,  11,  and  C  deal  with  reinforced  polyester  film  development  and 
tandem  balloon  systems  which  were  developed  to  utilize  these  films.  These 
appendices  summarize  the  most  significant  history  of  the  large  tandem  systems 
to  provide  the  working  knowledge  needed  to  understand  the  conclusions  and 
recommendations  made  herein.  Sufficient  information  on  the  development  of 
single  cell  polyethylene  balloons  exists  in  the  literature  and  is  included  herein 
mostly  by  reference. 
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The  effect  of  these  requirements  was  an  apparent  change  in  the  extruder  die  size  to 
enable  production  of  better  balanced  thinner  films,  but.  inadvertently,  poorly 
balanced  thick  films  (2.0  mils)  also  resulted.  These  2.0-mil  films  were  involved 
in  numerous  balloon  bursts  which  were  subsequently  found  to  correlate  with  differ¬ 
ences  in  film  behavior  that  were  consistent  with  the  suspected  die  change. 

Because  the  rash  of  failures  of  heavy  load  polyethylene  balloons  was  con¬ 
temporary  with  the  development  of  scrim  balloons,  immediate  primary  emphasis 
was  shifted  to  reinforced  films— with  notable  exceptions.  Winzen  Research,  Inc. 
concentrated  on  the  development  of  a  superior  polvethvlene  film  wlm  r.  "esulted  :r, 
the  qualification  (for  balloon  use)  of  Stratofilm®  in  1964.  Raven  Industries,  Inc., 
in  cooperation  with  the  YisQueen  Division  of  The  fclthvl  Corp.  .  qualified  a  new  film 
X-124  as  a  replacement  for  I)FD  5500  film  in  1967.  In  addition,  the  Air  Force 
contracted  with  the  \  iron  Division  ot  tile  Geophysics  Corporation  of  America  to 
develop  a  balloon  with  a  scrim-cap;  this  development  was  not  successful.  Raven 
Industries,  Inc.  pursued  the  development  of  various  means  to  prom  >tr  uniform 
deployment  of  the  polvethvlene  balloon  town  during  the  ascent  pha-e  from  ground 
through  the  tropopausc.  Siratofilm  alone  remains  in  use  today. 

The  scrim -balloon  development  at  the  G.  T.  Sch|eldahl  Company'  in  the  early 
lMoO’s  was  accompanied  bv  a  systematic  search  for  new  balloon  films  under  a  con 
tract  with  the  Aerospace  engineering  and  Resear,  h  departments  >f  the  Flectr  >nios 
Division  of  General  Mills,  Inc.  During  the  earls'  part  of  the  contract,  this  group 
is  as  purchased  by  Luton  Industries  and  became  the  Applied  Science  Division  of 
Litton  Svstems,  Inc.  \"ihmg  comparable  to  Stratofilm  '  (-suited  t'ror  this  reseat'd 
During  the  second  half  of  the  sixties,  when  scrim -balloon*  were  ben._  pusnci  iu 
the  limits  of  their  capabilities,  investigation  of  the  polvethvlene  balloon  as.  etr 
burst  phenomenon  was  undertaken  bv  Kerr  and  then  Alexander;  lhes*  studies  nro  - 
•  lured  significant  findings.'1’ 

In  the  early  1.970's  due  the  higher  •  ost  of  mantifa.  turing  scrim -balloons  and 
due  *<>  flight  failures  of  the  scrim  -  h  d  loons  used  on  the  CRIS  P  prog  ram,  'he  'ess 

2.  Slater,  R.  .1.  ( IhSl)  Development  of  a  jjeavv-l.oad  Carrying  Balloon  Lsing  High 
Strength  and  Ten  r  -stopping  Films,  Progress  Report  on  G.  T.  Scbjeidahl  t  'o. 
Com  t  act  NON  R  289:900). 

).  Parsons,  U  .  B.  ( 1 1< 64  i  Survey  ol  Currently  Available  Plastii  Films,  Scientitic 
Report  No.  1  on  ("out  rad  A  F19(628)-2944.  ’  ~ 

5.  Kerr.  A.  I).  ,  and  Alexander.  11.  t  1968)  On  a  Cause  if  f  ailure  ui  High  Altitude 

Plastic  Balloons.  Scientific  Report  No!  5"!  Conlrarl  F 19  628  - IT'  -(’-024  1, 

6.  Alexander,  II.  ,  and  Weissmann,  D.  (1972)  A  Compendium  of  the  Mechanical 

Properties  of  Polvethvlene  Balloon  Films.  Scientific  Report  No.  Ti 
Contract  F  19628  -69  -C  -0069,  AFC  HI. -7  2  -00611,  AD  746678. 

CRISP  was  a  NASA  cosmic  rav  experiment.  The  payload  weight  was  about 
14,000  Ih-signi fieantly  greater  than  any  that  had  been  llown  successfully. 
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expensive  polyethylene  balloons  for  moderately  heavv  payloads  made  a  return;  the 
improving  quality  of  the  already  proven  superior  pol vethvlene.  Stratofilm,  most 
eertainlv  plaved  a  significant  role.  Fading  requirements  lor  verv  heavv  pavloads 
de -emphasized  scrim -balloons  to  the  point  where  their  production  eventually  be¬ 
came  economically  impractical. 

To  eliminate  the  effects  of  launch  dynamics  on  the  less  "forgiving  Mvlar  film, 
the  verv  heavv  pavload  scrim  balloons  had  been  configured  as  tandem  balloon  sys¬ 
tems  rather  than  single  cell  balloons  (see  Appendix  C).  Primarily  as  a  result  of 
the  successful  introduction  of  Stratofilm,  polvethvlene  balloons  were  quickly  intro¬ 
duced,  first  as  the  main  balloons  of  tandem  systems  and  then  as  both  launch  balloon 
and  main  balloon  thereby  to  constitute  a  total  polyethylene  tandem  system,  l’olv- 
•■thvlenc  main  balloons  differed  from  the  scrim  main  balloons  in  one  significant 
wav;  the  meridional  reinforcements  of  the  gores  were  along  the  gore  scams  rather 
than  along  the  shorter  gore  centerlines.  Consequently,  the  loading  across  the  gores 
the  two  types  differed  considerable,  both  at  launch  and  during  the  subsequent 
ascent  and  float  phases  of  flight,  and  thus  the-  criteria  for  the  design  and  structural 
analyses  of  these  two  types  were  not  comparable. 

As  experience  and  confidence  in  the  heavv  load  capabilities  of  Stratofilm 
increased,  tandem  polvethvlene  balloons  were  quickly  and  totally  replaced  bv  single 
cell  polvethvlene  balloons  and  tandem  balloon  systems  in  general  were  relegated  to 
history  before  tiiev  were  fully  understood,  either  structurally  or  from  the  point  >f 
performance  potential.  1  his  return  to  single  ,  ell  polvethvlene  balloons  left  un¬ 
answered  the  question;  Does  there  exist  a  ieterminable  eonf iguration  luring  ascent 
for  which  the  loading  at  the  apex  of  the  mam  balloon  of  a  tandem  system  is 
maximum— a  cr.t.  .1  leading  r  m  tit;.  ■  *  Such  a  condition  is  suggested  by  the  fae's. 
The  r  am  balloon  gores,  at  the  apex,  are  uniformly  loaded  only  before  the  start  of 
gas  transfer  and  while  the  balloon  *s  full  (at  or  above  the  altitude  at  which  the  launch 
balloon  has  neutral  buoyancy  i.  Idle  inex  loading,  when  the  main  balloon  is  full,  it 
about  SO  percent  higher  than  before  the  start  of  gas  transfer,  whereas  during  the 
transition  all  gores  are  not,  in  fa,  ;,  loaded  at  all  times;  this  non-uniform  loading 
during  the  'ransition  is  evident  in  the  ratios  of  deployed  circumfcreni  e  to  manu¬ 
factured  circumference  (less  'ban  unity •  an  i  the  differences  between  the  gore  lengths 
and  the  actual  oath  lengths  between  the  tnd  base  fittings  of  the  main  balloon. 

Appendix  (  provides  additional  background  on  this  topic. 

A  tandem  balloon  system  consisting  of  a  scrim  launch  balloon  and  a  polvethvlene 
main  balloon  had,  in  11*7  1,  earned  an  ;;470-lh  pavload,  and  an  all -pol vethvlene 
tandem  system  hail  carried,  m  107  2.  a  pavload  weighing  7424  lb.  Hv  comparison, 
the  maximum  pavload.  dynamically  launched  ami  flown  successfully  on  a  single  cell 
polvethvlene  balloon,  was  6400  lb  on  a  242  1  -lb  balloon  in  1074,  The  problem  with 
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heavv  pavload  single  cell  balloons  > onlinuc  i  to  he  the  dynamics  of  the  launch  r. 
the  standard  heavy-load  platform  launchers  (Figures  2  and  31  could  not  handle 
high  gross  inflations,  and,  further,  launch  lvnamics  were  thought  to  cnntrihut 
both  launch  and  ascent  balloon  failures. 


Figure  2.  Heavy -Load  Flat  form  Launcher.  The  top  of  a  single 
cell  polvethvlehe  balloon  is  shown  being  removed  from  its  box 
(on  a  small  trailer)  and  being  laid  out  between  the  vertical 
guides  on  the  stainless  steel  platform  surface.  I  he  restraining 
roller  is  seen  on  the  left  in  its  full  open  position:  once  the 
balloon  is  in  place,  the  roller  will  be  swung  shut  and  secured 
for  inflation  readiness.  The  weight  of  the  platform  is  a  factor 
governing  the  amount  of  lift  that  can  he  launched  from  it. 

Critical  components  include:  (1)  the  net  lift  indicator, 

(2)  the  roller  release  mechanism,  and  t3)  the  restraining  roller. 


3.  THK  APPROACH 


The  design  configuration  of  a  balloon  to  carrv  a  0000 -lb  pavl  i  to  M),  000 
must  be  compatible  with  the  launch  method,  he  it  static  or  dvr.c  -i  ,  <u  i  with  : 
balloon  film,  polvethvleno,  or  polyester  with  cither  woven  "r  n.ct -w  - Is.  r. 


Production  facilities  for  large,  rrinfor.  r  I  nolvcstcr  Kill  ion  ■  n.c  .  u-' 
Hi  -axiallv  balanced  polyester  film  mav  or  mav  :i  c  t>c  ■>  s  iil\  ■  ,]!■.■  c 


I'i t»nrt*  S.  Heavv-l.oad  Platform  l.auncher.  The 
view  is  toward  tin-  pavload.  The  restraining 
roller  arm  is  shown  in  the  secure. I  position.  The 
net  lift  of  the  balloon  acting  on  the  roller  will 
cause  it  to  swing  up  and  awav  from  the  balloon 
when  released,  therebv  enabling  the  balloon  to 
rise  vertically  to  a  point  over  the  still  restrained 
pavload.  The  arrow  indicates  the  pivot  for  the 
roller 


\  erv  heavv  navlouds  have  been  <  arro  d  on  reinforced  polyester  films,  most  reliabh 

when  the  reinforcement  was  an  expensive  leno  weave  scrim  (t'.T-ll  on  Stratoseope 

II,  and  G  1-12  on  Project  770).  Simulated  use  tests  of  the  more  economical  non- 

woven  dacron  reinforcement  laminated  to  polvcster  indicated  stresses  at  failure 

* 

one  or  der  of  magnitude  lower  than  expected.  further,  noil-woven  reinforcements 
in  simulated  use  tests  tended  to  delaminate  and  cause  failures  much  more  so  than 
did  the  leno  weave  reinforcement  used  in  GT-11  and  GT-12.  '  I  he  third  element  in 
tlm  Laminate  also  presented  problems;  the  adhesive  had  been  found  both  to  etch  the 
film  surface,  ^  probablv  inducing  .  rrk  nropagation,  and  to  become  brittle  at  low 

^Alexander,  H.  ,  Personal  correspondence'  on  the  results  of  tests  of  CHISP  balloon 
material. 

7.  Alexander,  H,  ,  and  Agrawal,  p.  (1972)  An  Evaluation  of  hiper  Reinforced 

Films  Lseil  in  High  Altitude  Balloons,  Scientific  Report  No.  2,  Contract 
F 19628  -50  -C  -0069,  'AFCHI.'-72  -07lTn',  AH  749880. 

8.  Alexander,  H.  (197  1)  Quarterly  Progress  Report  No.  9,  Contract  F19623-69- 

C  -0069 . 


'■is*-  •.  mnerntures  sooner  than  either  the  polyester  or  the  reinforcing  earns.  The.-* 
--ignificaiit  problems  preclude  timelv  us*-  of  reinloreed  polyester  balloons  — eithe: 
single  cellar  tandem  -  t»  inert  present  dueciives.  For  additional  understanding  of 

'he  problem.-  associate..!  with  the  use  of  >■<  inforeed  polyester,  1  recommend  the 

10 

paper  bv  .Mui. son.  riven  at  the  Kighth  A1  (.'HI.  Scienti!  Balloon  Symposium. 

1’olvethvlene  is  the  only  other  proven  balloon  film,  and  it  has  been  use  : 

-in  cos.-iiuliv  in  both  single  i  *‘11  and  tandem  balloon  svsteir.s.  pinglt  i  p,,[v. 

•  ••t.viene  hail  ions  have  been  launched  both  dynamically  and  statii  all  .•  -  ..i.lab  .*.•!. d 
\  erttcal  above  either  the  pavload  or  a  sheave  which  permitted  the  b...h  uhci 
till'.'  inflated,  to  be  winched  to  a  point  du  r  the  payload. 

Designing  a  |>ol vet hvlene  lander.  sy.-tei:.  in  which  one  could  have  confident 
would  require  extensive  and  time  consuming  analysts  of  the  redeployment  pro.  f — 
'ti'cimiom'tni!  the  transition  of  the  main  balloon  front  the  in-line  aninfiate  I  state  • 

'he  ■  1 1 1 1  v  deployed  sta'e  at  float  altitude,  h  would  further  require  detailed  inalv.-e- 
if  the  few  sut't  ess ful  tandem  polyethylene  balloons  flown  to  dale,  an  t  •’•»vei  *.:..  *•:. 

>f  a  model  to  extrapolate  this  experierne  to  the  design  of  new  tamir-nt  po' v.dlvlet.e 
systems  to  carry  heavier  pavloads  to  higher  altitudes. 

Based  on  the  foregoing  facts  and  experiences,  we  are  left  with  ar*lv  me  reason  ■ 
ihle  wav  to  meet  our  requirement —that  is  to  design  a  single  cell  poivethvler.e  halloot 
to  carry  the  ''000  pounds  to  90,  000  feet.  The  gross  lift  required  for  such  a  b.-uloon 
ex  re  Is  both  the  eapahilitv  of  existing  platform  launchers  and  the  realm  o!  experi¬ 
ence  with  static  vertical  inflations,  but  neither  of  these  considerations  should  pre¬ 
sent  an  insurmountable  obstacle  or  require  the  equivalent  time  and  r.r.  's  which 
would  be  needed  to  produce  a  reliable  tandem  svstem. 

Based  upon  my  recent  polyethylene  balloon  design  stvr.lv'  and  successes  b>  the 
National  Scientific  Balloon  Facility  (NSFB)  using  the  "soft  collar"  to  reduce  or 
eliminate  dynamic  launch  damage,  it  appears  that  the  least  complex  system  (th  mil 
heaviest  and  therefore  biggest)  will  result  if  a  dynamic  launch  is  specified;  such  a 
balloon  design  would  require  limited  changes  to  make  it  suitable  for  a  static  launch 
(vertical  inflation). 


9.  Ni count,  K.  J.  (1972)  Comparison  of  polyester  film-yarn  composite  balloon 

materials  subjected  to  shear  and  biaxial  loading,  NASA  Contract  NAS  1-10, 

7  50,  Report  No.  NASA  CR  -2047 ,  p.  30. 

10.  Munson,  J.  B.  (1974)  Material  selection  for  high-altitude,  free  flight  balloons. 
Proceedings  (Supplement),  Eighth  Al-T'HL  Scientific  Balloon  Symposium 
30  September  to  3  October  1974,  Andrew  S.  Carten,  Jr.,  Editor,  pp.  2"Il,  240, 
A  F  C  R  I.  -  T  R  -  7  4  -  0 3  9  3 ,  ATTA  0  tJE  2  0  o . 

The  "sort,  collar"  is  a  choker  to  prevent  transverse  dynamic  loading  of  the  balloon 
gores  and  seams  when  the  balloon  "mushrooms"  (is  flattened  bv  drag  forces)  as 
it  rises  from  the  launch  platform  to  a  vertical  position  above  the  pavload 
(Figure  4). 
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4.  A  SOM  TION 

Program  "DKSIC'iN -11(A)".  documented  in  Helerenee  1.  is  an  interactive  com¬ 
puter  program  (basic  language)  which  allows  one  to;  (1)  specify  a  balloon  mission 
in  terms  of  pavtoad  ranges,  altitude,  duration,  ballast  demands  for  vertical  control, 
and  safe  terminal  velocitv  for  the  pavload  reeoverv  parachute,  if  desired,  (2)  adjust 
the  polyethvlene  film  thickness  iterativelv  to  define  design  features  that  will  ensure 
design  launch  stresses  and  a  dynamic  launch  loading  within  desired  or  statistically 
acceptable  ranges. 

I  sing  program  PFSIGN -11(A)"  and  specifying  the  requirement  to  fly  a  0000-lb 
pavload  at  S'O,  000  ft.  and  a  useful  operational  payload  range  of  5000  to  10,000  lbs, 
we  find  one  of  a  number  of  acceptable  solutions  (see  Figure  5), 
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TARGET  MIN.  PAYLOAD 

5000 

MAXIMUM  PAYLOAD 

10000 

DESIGN  PAYLOAD 

9000 

ALT.  FOR  DSGN.  PAY. 

90000 

SIGMA 

0.  16507 

SHELL  IT  CKNESS 

1. 00 

CROWN  THICKNESS 

4.  00 

DUCT  AREA 

120. 00 

N  UMBER  OF  DUCTS 

2 

DUCT  LOWER  LIP 

168 

VOLUME  (MAX.  ) 

8355966 

VOLUME  (MIN.  ) 

8  119513 

BALLOON  WEIGHT 

3018 

SHELL  WEIGHT 

1012 

CAP  WEIGHT 

1346 

T  APE  WEIGHT 

489 

SEAM  \\  EIGHT 

39 

DUCT  \\  EIGHT 

7  5 

MISCELLANEOUS  WEIGHTS 

f>7 

GORE  LENGTH 

394.98 

GORE  WIDTH 

8.  39 

MAX.  DIA. 

272.  45 

SLEEVE  LENGTH 

2  14 

CAP  LENGTH 

176.  40 

NUMBER  OF  GORES 

102 

T  APE  STRENGTH 

950 

Figure  5.  Specifications  for  a  Single  Cell  Capped 
Polvethvlene  llal loon  ’.<>  Carrv  a  Pavload  of  9000  Pounds 
•o  90,  000  Feet 


Experience  has  shown  that  a  570  psi  stress  level  at  launch  for  such  a  balloon 

is  quite  satisfactory  (see  Reference  1).  Table  1  shows  the  proposed  solution  to  bo 

satisfactory  in  this  regard,  and  further,  that  the  Dynamic  Loading  Index  (see 

Figure  6)  for  a  dynamic  launch  of  this  design.  4.  567  ft  lb/ in.  “L  would  he  less  than 

•> 

one-half  >f  the  recommended  maximum,  10  ft  lb  'in.  ” .  The  development  of  this 
index  of  launch  shock  is  also  reported  in  Reference  1. 

Finally,  Table  2  presents  the  pavload  altitude  capability  of  this  design,  over 
die  recommended  operational  pavload  range. 
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1.  00994 

0.  01.il 

162  16 

155  1 

!.  6-1 

8.  06 

569 

57  -1 

62 

57,  16 

Shoek  Index  (it  lb  in. 
Tape  Load  (lb) 

*L  Alax  Tain1  Load 


DYNAMIC  LOADiNb  INDEX  F_  (f 


Payload 

(lb) 

Altitude 

(ft) 

Payload 

(lb) 

Altitude 

(ft) 

Pa  v  load 
(lb) 

Altitude 
(It ) 

Pavloa.l 

(lb) 

A  liitude 
( it  > 

5013 

99060 

6300 

95680 

7  600 

92740 

8900 

90180 

5100 

98820 

6400 

"5440 

7  7  00 

92540 

9000 

89990 

5200 

P  8  54  0 

6500 

9520.) 

7  800 

92320 

9  100 

89800 

5300 

98260 

6600 

'4960 

7  900 

92120 

9200 

89620 

5400 

97980 

6700 

94720 

8000 

9  1920 

9300 

89440 

5500 

97720 

6800 

94500 

1!  100 

9  17  20 

9400 

89260 

5600 

97  4  60 

6900 

94  280 

8200 

91520 

"500 

89090 

57  00 

97  200 

7  000 

94040 

8300 

9  1320 

9600 

88920 

5800 

96920 

7  100 

93820 

8400 

9  1120 

97  00 

88740 

5900 

96680 

7  200 

93600 

8500 

90930 

9800 

885  60 

6000 

96420 

7  300 

93380 

8600 

907  40 

9900 

88400 

6100 

96160 

7400 

93  160 

87  00 

90540 

10000 

88220 

6200 

95920 

7  500 

92960 

8800 

90360 

i| 

i 

\\ 


(  OM.l.l  SIGNS  AND  RECOMMENDATIONS 


The  foregoing  solution  to  the  objective -problem  has  additional  implications, 
particularly  with  respect  to  the  possible  requirement  for  a  higher  flight  altitude 
with  the  same  payload  range.  Figure  7  shows  the  specifications  for  such  a  require¬ 
ment,  a  balloon  to  carry  9000  lb  to  105,000  ft.  The  volume  of  this  balloon  is 
about  2.25  times  as  large  as  that  required  for  the  0000  lb  at  90,000  ft,  while  the 
balloon  weight  is  about  55)  percent  larger.  This  greater  performance  is  possible 
with  the  same  shell  and  crown  thicknesses  and  same  total  tape  strength  (within 
2  percent).  The  static  launch  stresses  (Table  5)  for  the  higher  altitude  svstem  are 
even  slightly  less,  hut  the  dynamic  launch  shock  index,  although  acceptable,  is 
ib-ni’  5  1  percent  higher  — not  an  unexpected  result  in  view  of  the  greater  gross  weight 
>f  the  svstem  and  the  longer  balloon  gorelength.  The  smaller  static  launch  stresses 
for  the  larger  gross  Lift  at  launch  are  due  to  the  narrower  gore  width  at  the  gore 
losi'ion  for  which  static  launch  stresses  are  computed.  The  narrower  gore  width 
"e.-mlts  from  the  increased  number  of  gores,  154  as  opposed  to  102. 


1  AIKiKI  MIN.  PAYLOAD 

5000 

MAXIMl'M  PAYLOAD 

loooo 

DLSION  PAYLOAD 

9000 

ALT.  FOIl  DSGN.  PAY. 

105000 

SIGMA 

0.  20.0.55 

SHI-ILL  1  IIKKNKSS 

i.  oo 

(TIOU  N  JMICK.NKSS 

•1.  00 

PI  T  1  A  UFA 

120.  00 

NT'MHFK  OF  1)1  CIS 

5 

urn  low  mu  lip 

2  IB 

YOU  M  K  (MAN.  ) 

IB  60  2610 

\  Ol.l  MK  (MIN.  ) 

18008760 

BALLOON  W  MIGHT 

4205* 

SHI-ILL  W  KI11HT 

1726 

CAP  WHICH  IT 

1500 

TAPK  W Killin' 

7  16 

SK AM  W  Killin' 

L)  •' 

Dl  l  "I  WKIGHl 

140 

M  ISC  K  PLAN  KOI  S  WHICH  IS 

67 

coin-:  I.KNGTH 

5 12.  94 

GOI1K  WIDTH 

8.  40 

MAX.  DIA. 

OH 

SLKKX K  I.KNGTH 

527 

CAP  I.KNG'l  H 

181.  92 

N  l'M  BK  11  OF  HOll MS 

154 

TAPK  ST  IlKNGTH 

77  5 

Figure  7.  Specifications  for  a  Single  r  oll  Capped 
Polyethylene  Malloon  to  Carry  a  Pavload  of  .“000  Pounds 
to  105.000  Feet 
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Appendix  A 

A  Review  of  Mylar-Dacron-Scrim  History 

A  1 

A  1961  Schjeldahl  report  describes  the  development  of  the  original  family  of 
dacron-reinforced  Mylar  films.  Schjeldahl  defined  the  development  objectives  as: 

1.  Tensile  strength;  25  lb/in.  (minimum) 

2.  Weight;  0.01224  lb/ft^  (maximum) 

3.  Temperature  Range;  -90’  K  to  -200s  K 

4.  Tear  propagation;  none 

5.  Delamination;  none  (over  indicated  temperature  range  and  under 
pressure  and  radiation  conditions  of  flight) 

6.  Helium  gas  permeability;  equal  to  or  less  than  polvethvlene 

The  primary  laminate  resulting  from  this  development  was  a  laminate  of 
0.  25  mil  Mylar  and  a  6  X  4  dacron  leno  scrim.  54  in.  wide.  The  adhesive  was  a 
polyester  resin  adhesive  (Cl  1-100)  made  by  the  G.  T.  Schjeldahl  Company.  The 
lacron  scrim  weighed  0.004409  Ib/l'C.  The  test  results  on  3  1  rolls  of  laminate 
showed: 


A  1.  Slater,  11.  ,J.  (1961)  Development  of  a  Heavy-Load  Carrying  Halloons  Lsing 


See  fable  A1  for  general  physical  properties  of  the  Mylar  base  film. 
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PRECEDING  page  bunk -NOT  m*4D 


Mean 

Std  Dev 

Dimensions 

99%  Confidence  Level 

Weight 

0.  0083 

0.  00046 

lb/ ft2 

0.  00968 

Tensile  Strength^ 

40.  4 

1.91 

lb/ in. 

34.  7 

Tear  Resistance^ 

32.  8 

2.  29 

lb 

^Direction  and  temperature  unspecified. 


Table  Al.  Some  General  Physical  Properties  of  the  Mylar  Base  Film  Used  in 
Balloons  in  the  Early  1960's.  Values  are  averages 


Property 

Value 

Unit  of 
Measure 

Test  Method 

Melting  Point 

250  -255 

“C 

- 

Density 

1. 39 

gm  're 

Density  Gradient  1  ube 

Refractive  Index 

1 .  655 

nD  25 

Abbe’  Refractometer 

Area  Factor 

20,  000 

in.  “  / 1  b  /  m  i  1 

- 

Tensile  Strength 

17. 000-25,  000 

psi 

Instron  Tensile  Tester 

Tensile  Modulus 

450, 000-600, 000 

psi 

lnstron  Tensile  Tester 

Impact  Strength 

60  (1  mil) 

kg  cm 

Falling  Ball 

Break  Elongation 

70-130  (  1  mil) 

% 

lnstron  Tensile  Jester 

T ear  St rength 

15  (1  mil) 

4 

Cellophane  Tear  Tester 

Flex  Life,  0  F 

20,  000  ( 1  mil) 

■  ydcs 

DuPont  Yerkes  Flex 
Jester 

Bursting  Strength 

45  (1  mil) 

lb/ in. 2 

Mullen 

Bending  Recovery 
(immediate  l 

43  (1  mil) 

<r 

Recovery  from  180’ 

Bend 

Bending  Recovery 
(60  seel 

5  1  (1  mil) 

c * 

Recovery  from  180 

Bend 

Thermal  Coefficient 
of  Linear  Expansion 

15  x  106 

in.  /  in.  /’F 

70-120’ F 

Humidity  Coefficient 
of  Linear  Expansion 

1  1  X  10~b 

in.  /  in.  /  %  K  H . 

20-92%  R.  H. 

Coefficient  of 

Thermal  Conductivity 

3. 63  X  10'4 

cal /  I'm  /  set'/  C 

Cenco-Fitch  Method 

Oxygen  Permeability 

0.  90  ( 1  mil) 

%/  100  m^  /  hr 

Modified  General 

Foods  Tester 

Water  -vapor 

Permeability,  39.  5°  C 
53  mm  Hg  Vapor 
Pressure  Difference 

110  (1  mil) 

g /  100  m2/hr 

DuPont  Film  Moisture 
Vapor  Permeability 
Test 

Moisture  Absorption 

Less  than  0.  5 

O' 

Water  Immersion 

T:\tbU*  Al.  Some  General  Physical  Properties  ot  ’he  Mvlar  Bast-  Film  I  seo  in 
Balloons  in  the  Earlv  B’^O’s.  Values  are  averages  (Contd) 


The  machine  and  tr 


Cylinder  tests  ui  the  S-10  material  at  -70  1  K  indicated  a  transverse  strength  of 
2o  t>  26  Hi  /in.  and  no  propagation  of  the  failure. 

An  analysis  of  laminate  weight  bv  components  shows  that  the  adhesive  weight 

2 

was.  on  the  average.  0.002170  lb/ft“.  With  the  scrim  used  this  amounts  to  nearly 
0.404  lb  of  adhesive  per  pound  of  scrim  (see  also  Appendix  B). 

The  resultant  weights  for  laminates  using  0.35  and  0.50  mil  M  vlar  were 
0.0088  and  0.0103  lb 'ft"  respectively. 

lntormation  on  scrims  in  the  years  1062  and  1063  is  sparse.  However,  Slater' 
reported  that  the  adhesive  system  used  in  theCiT-10,  CiT-11.  andGT-12  laminates 
was  the  (3  1-301  adhesive  system  (Figure  A4).  Table  A3  extracted  in  [tart  from  a 
paper  bv  Kelly'  indicates  testing ;tt  -80°  I  ,  but  the  ultimate  elongation  appears 
significantly  different  front  those  in  figure  A3;  13  percent  to  16  percent  as  opposed 
to  3.5  percent.  Also,  the  tensile  strengths  given  by  Kelly  are,  in  some  cases,  in 
excess  of  those  shown  m  Figure  A3. 


f  igure  A4.  (IT -10  Series  Material  Configuration 


I  his  concludes  information  up  to  February  1961. 

Slater,  11., I.  (1063)  Kxpandcd  use  of  inflatables  through  new  materials. 


A  2. 


A3. 


Proceedings  of  the  AFCUl.  Scientific  Balloon  Symposium. 
A  FC  11 1 .  -  63 -0  10,  Al)  61406". 


pp.  41,  65. 


Kelly,  T.  W.  et  al  (1065)  Quality  engineering  of  scrim  reinforced  balloons. 
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t  able  Al  published  bv  : h« •  (1.4  .  Sehieldahl  Co.  does  ii;>t  ivfltvi  anv  lew  ton po r;t 
•tire  proper!  irs  tun  toes  show  a  change  from  a  hook  tear  strength  >1  32.8  lb  to 
lit.)  Hi  ami  an  upper  servin'  temperature  of  110  1  .  However,  it  is  not  elear  whether 

anv  tensile  testing  was  ever  conducted  at  the  1  10  !•'  temperature.  It  is  quite 

possible  that  Aim  loads  at  sueli  relatively  warm  launeii  temperatures  mav  effect 
changes  iu  tile  subsequent  meetianieal  responses  at  the  lower  atmospheric  tempera- 
•ures;  our  research  has  shown  this  to  be  true  for  polvethvlene  films.  It  shoul.l  also 
be  noted  that  plv  ailhesion  values  published  in  Table  A4  do  not  appear  in  the  earlier 
re  le  fem  es . 

As  far  as  the  adhesives  used  in  the  laminates,  four  are  mentioned,  Cl  I  -100, 
111-201,  Cl  '1-300,  and  CiT-301.  Moth  (.11-300  and  ti  l  -301  are  coated  Mvlar  sub¬ 
strates  implying  that  the  films  are  adhesive  coated  prior  to  lamination  with  the 
dacron  fibers.  The  reference  to  the  use  of  GT-100  was  in  the  report  of  the  original 
development  ofS-10.  It  is  understood  that  the  S-10  material  had  a  blocking  problem 
associated  with  the  use  of  GT-100.  Slater,  at  the  1063  A  l-'G  K 1.  Symposium ,  gave 

(11-301  as  the  adhesive  system  used  in  the  (IT -10,  GT-11,  and  GT-12  laminates. 

A4 

1  lie  value  engineering  study"  performed  under  AFCKL  Contract  Al-'  10(62(1) -2020 
refers  to  (14  -300  and  GT -20  1.  Apparently,  (14  -300  wasvused  to  prepare  preproduc¬ 
tion  test  laminates  and  t lie  GT-11  production  lamination  process  had  changed  over 
to  use  of  a  thermosetting  liquid  adhesive,  thereby  eliminating  the  need  to  precoat 
the  film  with  adhesive. 


A4.  Curtis.  I..W.  (1065)  Reduction  of  Scrim  Reinforced  Balloon  Cost, 


1  able  A4.  Sum’  Proucrties  of  Dacron  Keinforced  Mvlar  Film  Laminates 


in  . ■(•liter  in  in. 
Diagonal  lire  'loi! 


A  4 

In  the  U»w  temperature  i  -To  1- 1  test  o:  tviin  i*'r  lest  Balloon  No.  1,  Curtis 
not  in  i  that  the  failure  suv.-s  •  I  In  d.e  ost  e<gual  to  tile  diagonal  strength,  but  in 

iiis  enthusiasm  he  laileii  to  :  ,te  note  that  the  Mvlar  failed  leaving  the  serini  intaet: 
t  strict  violation  of  contra,  t  objective  Number  2.  namelv  that  the  scrim  must  fail 
before  plastic  film”.  1  his  ibievive,  however,  contradicts  use  of  fibers  as  a  rip 
stop  agent. 

This  covers  the  time  span  from  the  development  of  S-  10  through  the  develop¬ 
ment  of  laminates  of  Mvlar  and  non -woven  dacron  scrim.  It  should  be  noted  that, 

,n  this  five-vear  period,  there  was  no  comparative  studv  of  the  Mvlar  film  proper¬ 
ties,  as  opposed  to  the  laminates  mechanical  properties. 

The  properties  of  the  base  Mvlar,  the  adhesive  and  the  dacron  fibers  most 
■  ertainlv  influence  the  laminate  properties.  However,  the  properties  are  not 
necessarily  additive;  that  is,  if  a  1-in.  wide  Mvlar  strap  elongated  10  percent 
exerts  a  restoring  force  of  a  lb  and  a  particular  parallel  aiT.iv  o;  Dacron  filters 
elongated  10  percent  exerts  a  restoring  force  of  5  lb,  a  laminate  of  these  two  con¬ 
stituents  would  not  necessarily,  when  elongated  10  percent,  exert  a  restoring  force 
of  1(1  or  even  p  lb.  It  would  greativ  simplify  the  engineering  problems  if  the  strength 
properties  of  a  laminate  always  equalled  (or  exceeded  in  a  predictable  wav)  the  sum 
of  the  corresponding  properties  of  the  constituents,  but  this  is  not  generally  the  case. 
For  one  thing  Mvlar  is  not  an  isotropic-  material.  Its  properties  vary  both  direct - 
•ionally  and  with  respect  to  sample  location  along  and  across  anv  given  roll.  Also 


in  the  lamination  process,  the  Mvlar  (and  presumably  the  IJacror.  fibers'  shruis.-  .r. 
the  transverse  direction  and  elongates  in  the  meridional  direction. 

A  critical  factor  in  fixing  the  laminate  properties  is  the  adhesive  used  !o  Inn.: 
the  fibers  to  the  film.  There  are  both  quantitative  and  qualitative  property  varia¬ 
tions  due  to  the  relative  imprecision  of  the  lamination  nroeess  controls  and  due  to 
normal  fluctuations  in  the  lamination  environment.  The  influence  of  adhesive  is 
additionally  complicated  because  laminates  nave  been  made  variously  with  aihe  dve 
coated  film,  adhesive  pre -coated  thread  an  i  in  process  application  of  adhesive  ' 
the  threads. 

Finally,  the  behavior  if  a  laminate  i->  strongly  depvii  lent  upon  the  patten.  of 
the  reinforcing  fibers.  Thus  we  have  a  laminate  whose  prooerties  rare  with: 

(1)  Initial  properties  of  constituents  and  their  individual  variability, 

(2)  Proportions  and  geometry  of  constituents, 

(3)  Changes  (and  degree  of  variabilitv  ot  changes  l  of  .  m-tiluent 
properties  as  a  result  of  the  lamination  pro.  ess. 

The  foregoing  would  he  complicated  enough  if  the  Mvlar,  adhesive  an  i  Uacrot 
fibers  were  the  same  for  each  laminate  with,  which  w*  have  had  experience.  This, 
however,  has  not  been  the  case.  There  have  been  two  tvpes  of  Mvlar  (not  always 
specified),  a  variety  of  "types"  and  "merges  '  of  Dacron  fibers  and  a  spectrum  of 
adhesives  (presumably  in  the  same  family). 

There  was  no  reported  in-depth  study  of  actual "  veisus  "predicted"  properties 
of  the  laminates  ( modulus,  strength,  ultimate  elongation,  wnjht,  no  stop,  ran  ion 
cold  temperature  flexure,  and  so  on).  Anv  futur-  material-  i  e. search  >n  similar 
laminates  sliould  take  tlie  foregoing  into  cons:  ii  ivi":  . 
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Appendix  B 

Weight  Determination  for  Film  Reinforced  With 
Non-Woven  Scrim 


T!h-  weight  per  unit  area  of  a  laminate  of  film  and  a  nun-woven  scrim  is  a  tunc 
■ion  of  the  weight  per  unit  area  of  the  film,  \V(.,  the  total  length  and  weight  per  unit 
length  for  each  tvpe  of  reinforcing  thread  and  the  weight  of  the  adhesive  used  to 
bond  the  threads  and  film. 

Figure  HI  shows  one  half  of  the  fill  thread  configuration  generated  bv  the 
A1-VR1.  Flving  Thread  Loom  I  Figure  B2).  If  is  the  total  length  (in  feet)  of  the 
fill  threads  in  an  area  V  feet  wide  and  feet  long,  we  can  compute  the  length.  1  , 

from  the  following  equation: 

I.  2  [  X.  -  2  (X  -  X.,  * .  >  X  ,  •  X  )] 

x  LI  '23  m  - 1  m  J 


where  is  tiie  length  of  the  i1^1  fill  thread. 

If  we  now  define  N ^  as  one  half  of  the  number  of  fill  threads  per  foot  of  warp 
direction  length  and  m  as  one  half  of  the  number  of  fill  threads  per  length  X 
(measured  in  feet)  in  the  warp  direction,  then  the  length  in  feet  of  the  i1*1  fill  thread 
can  be  shown  to  be: 


X.  -  (m  -  i  •  1)/(N  cos  ■))  , 

1  x 

where  t)  is  the  acute  angle  between  the  warp  and  fill  directions. 
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V  .  J 


Figure  Bl.  Schematic  Representation  of  One 
Half  of  the  Fill  Thread  Pattern  for  a  Non-woven 
Scrim  Reinforcement 


Figure  B2.  Schematic  Representation  of  the  Flying  Thread  Loom  (FTL) 
for  Generating  Non-woven  Reinforcement  Patterns  for  Mylar  Film 
Laminates.  The  dacron  thread  grid  is  fed  directly  into  the  laminator  to 
produce  reinforced  Mylar  gores  for  the  balloons 
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1 


The  value  of  L  can  thus  be  shown  to  be: 
x 


L  -  2 
x 


m 

N  cos  0 


m 

*2  £  > 


i  =  2 


2  m“/ (N  cos  6)  . 
x 


II'  we  define  u)  as  the  unit  fill  thread  weight  (pounds  per  foot  of  length  per 

denier),  d  as  the  fill  thread  denier  and  W  as  the  fill  thread  weight  per  unit  area 
x  x  ” 

(pounds  per  square  foot),  then  we  can  write: 


W  =  u>  d  1,  /Y/7.  =  2  x  d  N  / sin  t )  . 
x  xxx  xxx 


Similarly  if  we  define  Ni  as  the  number  of  warp  direction  threads  per  foot  of 

V’ 

fill  width,  x  as  the  unit  warp  thread  weight  (pounds  per  foot  of  length  per  denier), 
1  _  as  the  warp  thread  denier  and  \Vy  as  the  warp  thread  weight  per  unit  area 
(pounds  per  square  foot),  we  can  write: 


VV  -  'at  (1  N  . 

V  V  V  V 


Now  the  "ideal  Laminate"  weight,  VV  ,  where  VV,  is  the  base  film  weight 
') 

(lb/ f t “ )  and  where  it  is  exclusive  of  adhesive,  can  be  expressed  in  pounds  per  square 
(.l  it  as: 


w,  •  vv  •  vv  ■  \v. 


x  d  N  -  2  x  d  N  / sin  t)  . 
v  v  v  x  x  x 


The  name  "Ideal  Laminate"  has  been  assigned  not  only  because  this  laminate 
incorporates  no  weight  penalty  due  to  adhesive  but  also  because  the  analysis  of  the 
mechanical  properties  is  simplified  in  that  there  is  no  interaction  between  the 
components. 

Heal  laminates  must  of  course  include  an  adhesive.  This  adhesive  can  be  in¬ 
corporated  in  three  primary  wavs:  (1)  adhesive  applied  to  the  base  film;  (2)  threads 
precoated  with  adhesive;  and  (3)  adhesive  applied  to  the  threads  in  liquid  form  during 
the  lamination  process.  This  third  process  can  be  further  subdivided  into  die  coating, 
c  m'tuin  coating,  roller  coating  and  other  methods.  All  of  the  foregoing  techniques 
have  been  used  on  LT  1.  laminates. 

Lor  adhesive -coated  film  the  real  weight,  VV,  expressed  in  pounds  per  square 
foot  can  be  written  as: 

VV*  t  w  , 


3  1 


VV 


where  \\  is  ihe  weight  per  square  loot  of  the  adhesive  layer. 

For  adhesive  eoated  threads,  tint  adhesive  weight  has  been  found  to  he  propor¬ 
tional  to  the  thread  denier  and  will  vary  with  the  routing  process  and  of  course  the 
type  of  adhesive.  In  these  cases  the  real  weight,  \V,  can  he  expressed  as: 

\\  =  W .  t  pi  d  N  >  2  it  u,'  d  N  /sin  0 
t  v  v  y  y  x  x  x  x 

whin  e  the  <y  values  are  dependent  upon  both  the  coating  processes  and  the  thread 
denier  and  are  determined  empirically.  If  the  same  coaling  process  and  same 
denier  threads  are  used  for  warp  and  fill  directions,  then: 

(V  i>  <v 
x  v 


and 


\V  -  IV.  •  a  jf(d  N  -  2d  N  /sin  ")  . 
t  v  v  xx 

for  typical  I'l  l,  laminates,  we  have  the  following: 

U  .  0.  OD72I  (Mvlar) 

-8 

j.1  7,  It)  \  10  llvdenier  ft  (l)aeron)  , 

where  t  is  the  film  thickness  in  mils.  For  the  precoated  threads  used  in  the  NASA 
\ovager  balloon  program,  a  was  computed  to  lie  1.006. 

Figure  H3  shows  both  a  typical  I  T!,  laminate,  reinforced  with  additional  warp 
threads,  in  the  center  of  the  normal  warp  threads,  3tid  a  "futuristic"  laminate  with 
tlte  reinforcement  pattern  tailored  to  a  hypothetical  gore  stress  distribution  for  a 
balloon  in  the*  fully  inflated  state.  Munson*'*  found  this  latter  design  feature  to  be 
cost  ineffective  for  the  intended  scrim -balloon  applications.  I  had  already  rejected 
use  of  this  latter  pattern  on  the  basis  that  the  stresses  are  far  from  uniform  during 
ascent  when  the  gores  deploy  and  redeploy.  The  generator  system  for  such  stress  - 
tailored  patterns  was  never  developed. 


HI.  Munson,  .1.  B.  (ID6H)  Desigh  and  Manufacture  of  Composite  Isotensoid  Natural 
Shape  Balloons,  Final  Report,  Contract  AF  l!)(628)-5ft87T" 
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PRESENT 


FUTURE 


Figure  Bit.  FT L  Non -woven  Gore 
Reinforcement  Patterns.  All 
material  beyond  the  outer  curves 
is  excess  and  is  trimmed  off  before 
assembly  of  gores  into  the  balloon 
s  he  11 


Appendix  C 

Tandem  Balloon  Systems 


Moroney^  *  in  1965  summarized  what  he  considered  to  be  the  principal  reasons 
for  the  development  of  the  tandem  balloon  configuration  (Figure  Cl)  which  used 
reinforced  polyester  for  the  construction  of  the  balloon  shell.  Some  of  his  reasons 
are  included  in  the  following  list. 

(a)  There  was  a  need  for  higher  gross  lifts  that  exceeded  the  capabilities 
of  both  polyethylene  balloons  and  existing  dynamic  launch  platforms. 

(b)  There  was  a  need  to  eliminate  or  at  least  significantly  reduce  dynamic 
launch  shock. 

(c)  There  was  a  requirement  to  launch  when  ground  winds  exceeded  the  opera¬ 
tional  limits  for  single  cell  polyethylene  balloons. 

(d)  There  was  a  desire  to  study  the  deployment  of  large  balloons  under  more 
uniformly  loaded  conditions  with  the  objective  of  being  able  to  inflate  a  large  balloon 
without  developing  a  large  rudder  of  undepioved  shell  material. 

(e)  There  was  a  desire  to  inflate  large  balloons  above  the  height  of  the  tropo- 
pause  near  which  many  failures  occurred. 


Cl.  Moroney,  R.  D.  ( 1966)  Tandem  balloon  systems.  Proceedings.  AKCRI.Scien- 
tific  Balloon  Workshop,  1965,  Arthur  O.  Korn.  Editor,  pp.  55,  7  5, 

AFCRL-56-303,  AD  534765. 
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PRECEDING  PADS  BUNK -NOT  FUME 


Figure  Cl.  Half  View  of  Tandem 
Balloon  System.  The  principal 
launch  balloon  components  include: 

(  1)  the  apex  fitting  which  contains  the 
helium  valve,  (2)  the  inflation  tube(s', 

(3)  the  helium  valve  cable,  < 4 i  the 
shell  assembly-consisting  of  the  gores, 
(5'  steering  patches  to  help  control  the 
balloon  during  initial  inflation,  and 
(6)  the  base  end  fitting  assembly. 

Secured  to  the  base  end  fitting  assemble 
is:  (71  the  transfer  duct.  Below  ,md 
secured  to  the  transfer  duct  is  the 
main  balloon  assembly,  the  principal 
components  of  which  include:  t  B >  the 
apex  fitting  which  mates  with  the  transfei 
duct,  (9)  the  shell  assembly,  <  1 0 >  the 
relief  ducts  to  vent  excess  lift  when 
entering  float,  (11)  the  helium  valve 
cable,  (12)  the  reefing  sleeve  to  pre¬ 
vent  the  formation  of  a  sail  during 
the  launch  phase,  a  <1  (13)  tin.-  base 
end  fitting  to  which  t  ie  pavload  is 
secured 


As  Moroney  noted,  tin-  tandem  configuration  did  meet  the  needs  expressed  m 
(a)  through  (<•)  above.  However,  the  tandem  configuration  by  ils  very  nature  (see 
Figure  C2)  precluded  tile  very  uniform  crown  deployment  achievable  ft  on  the 
moment  of  lift-off  with  fully  tailored  single  eell  balloons,  further,  the  nature  of 
tropopause  bursts"  was  not  fullv  understood  to  the  extent  that  inflation  of  tile  mam 
balloon  above  the  tropopause  would,  with  any  eertaintv,  eliminate  the  ascent  burst 
problem.  Further,  although  gas  transfer  has  been  sueeessfullv  initiated  at 
■10,000  ft,  !  have  found  no  evidence  of  an  attempt  to  begin  main  balloon  mtla’ion 
above  the  tropopause;  such  a  system  would  require  an  eightfold  increase  in  the 
usual  launch  balloon  volume  with  a  consequent  fourfold  increase  in  the  launch  balloon 
weight.  A  tandem  system  so  eonfigured  would  definitely  preclude  the  ability  io  meet 
objective  (c>  (higher  launch  wind  survivability)  due  to  the  excess  of  utideploved 
surface  of  the  launch  balloon  at  launch. 
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Figure  C'2.  V  ariation  of  the  .Shape  of  a  Tandem  -  Halloon 
Svstetn  as  it  Ascends  to  Altitude.  The  short  lines  indi- 
eate  the  zero  pressure  level.  F  is  the  net  upward  force 
on  the  main  balloon  apex  and  l’  is  the  system  pavload 


The  launch  balloon  of  the  tandem  system  was  normally  siz.etl  to  accommodate 
'he  gross  inflation  at  about  10,  000  ft  above  mean  sea  level.  The  tensile  strength 
if  'he  launch  balloon  material  was  based  upon  the  combined  effects  of  the  suspended 
a  eight,  train  balloon  plus  pavload,  and  the  superpressure  resulting  from  both  the 
a  as  flowing  through  the  transfer  duct  into  the  main  balloon  and  the  pressure  head  of 
hr  gas  in  the  main  balloon.  The  transfer  process  is  explained  graphically  in 
Figure  I'd,  taken  from  Moronev's  paper  and  a  detailed  study  of  the  relationships 
among  the  loads,  pressures  and  stresses  in  a  tandem  system  was  conducted  bv 
Sm  1 1 1  e y . 1 

The  volume  of  the  fully  deployed  main  halloon  of  the  tandem  system,  unlike  a 
single  ••(■11  balloon,  must  support  more  than  the  combined  weights  of  the  pavload 
and  the  main  balloon  itself;  it  must  also  support  the  net  weight  of  the  launch  balloon 
after  the  system  is  above  the  altitude  where  the  launch  balloon  would  support  its 
own  weight. 


('ll.  Smallev,  .1.11.  llt*68'  Pressures  and  stresses  in  tandem  -  halloon  systems. 

Proceedings,  Fifth  A  FC  HP  Scientific  Halloon  Symposium.  Lewis  A.  brass, 
Editor’,  pp.  205,  216.  A  FT  RT. -81! -Otifil ,  All  RRaTTK. 
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Figure  C3.  Stratoscope  1!  Launch  Balloon  Gas  Transfer 


Figure  C'2  (previously  referenced)  and  Figure  C4  graphically  show  the  transi¬ 
tion  from  the  full  deployment  of  the  gores  through  partial  deployment  of  the  gores 
and  then  back  to  full  deployment  as  the  inflatant  is  being  transferred  from  the  launch 
balloon  to  the  main  balloon,  and  the  tandem  balloon  system  moves  from  launch  to 
float  altitude.  Figure  C2  was  prepared  bv  Smalle.v  from  the  results  of  computer- 
aided  shape  studies;  it  is  related  to  the  fundamental  question  of  critical  loading  in 
the  main  balloon,  a  subject  mentioned  in  the  main  text.  Figure  C4  provides  quanti¬ 
tative  experimental  confirmation  of  the  main  balloon  shape  changes  predicted  by 
Smalley's  studies. 

Finally,  Table  C 1  summarized  some  characteristics  of  the  principal  tandem 
balloon  systems  flown  during  the  1960's,  Except  for  the  CRISP  system  (which  used 
commercially  specified  Mylar  that  was  found  retrospectively  to  have  evolved  pri¬ 
marily  to  support  the  magnetic  tape  industry)  all  of  the  systems  were  successful: 
the  final  and  successful  Viking  program  used  a  specially  oriented  Mylar  and  a 

carefully  engineered  fiber  reinforcement  pattern  designed  to  accommodate  possible 

C  3  C '  4 

shear  stresses.  This  pattern  problem  was  studied  by  Alexander,  '  Aliev,  and 


C3.  Alexander,  H.  ,  and  Agrawal,  P,  (1972)  An  Evaluation  of  Fiber  Reinforced 
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Niccum. 1  5  but  Munson1  6  reported,  in  1974,  that  tests  of  0.3  mil  Mylar  reinforced 
by  dacron  fibers  — to  the  extent  of  doubling  the  weight  of  the  base  Mylar — showed  onlv 
slightly  improved  shear  strength.  Munson  did  report,  however,  that  for  reinforced 
polyethylene  film,  the  shear  capability  increased  in  proportion  to  the  added  weight 
of  yarn  and  adhesive.  Lack  of  interest  in  large  tandem  systems  at  that  time,  and 
since,  has  made  this  later-  finding  an  historical  obscurity. 
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Figure  C'4.  Comparison  of  Theoretical  and  experimental 
Relationship  Between  Non-dimensionalized  Main  Balloon 
Volume  and  Ratio  of  Net  Upward  Force  F  on  Main  Balloon 
Apex  and  System  Payload  P.  V  is  the  instantaneous 
volume  of  the  main  balloon  and  S  is  the  main  balloon's 
gorelength.  The  test  was  conducted  in  the  earlv  1960's 
in  a  hanger  at  Hanseom  Field,  Massachusetts.  The 
correlation  is  excellent  considering  that  the  model's 
gorelength  was  less- than  10  ft 
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